Study design: Cervical spine tuberculosis is a relatively less frequent form of spinal tuberculosis. Cervical spine tuberculosis has a greater propensity to involve the spinal cord and results in major sensory motor deficit. In this prospective study, we aimed to evaluate the clinical and imaging predictors of outcome in conservatively managed patients. Methods: In this study, 42 patients of cervical spine tuberculosis were included. Patients were subjected to a detailed clinical evaluation and magnetic resonance imaging. Patients were treated with antituberculosis treatment and were followed up for 18 months. The Modified Barthel index (MBI) was used to assess the disability. Good outcome was defined as MBI 412 and poor outcome as MBI p12. Clinical and imaging characteristics were used to analyze the predictors of outcome, using univariate and multivariate analysis. Results: Four (9.5%) patients required surgery. Data from 38 patients, who were conservatively managed, were analyzed for predictors of outcome. Among conservatively managed patients, at presentation, 29 patients had an MBI score of p12. At 18 months, the majority of patients (81.6%) had a good outcome. On univariate analysis, a duration of illness 43 months, a major motor deficit, bladder involvement, flexor spasms, significant cord compression and spinal extension of the abscess were significantly associated with a poor outcome. However, on multivariate analysis significant cord compression (P ¼ 0.003) and spinal extension (P ¼ 0.02) showed a significant correlation with a poor outcome. Conclusion: Medical management was effective in cervical spine tuberculosis. Patients with significant cord compression and spinal extension of the abscess showed poorer outcome.
INTRODUCTION
The cervical spine is relatively less frequently affected by tuberculosis compared with lumbar and thoracic spines. Cervical spine tuberculosis is a distinctly different entity because of several reasons. Cervical spine tuberculosis has a greater propensity to involve the spinal cord, resulting in major sensory motor deficit. 1 In addition to this, cervical spine tuberculosis, because of a retropharyngeal collection of pus, can produce compression over the trachea, which may lead to respiratory insufficiency. 2 Controversy exists regarding the preferred treatment of choice. Some experts advocate medical therapy alone and some prefer combination antituberculosis chemotherapy and surgery. Most patients with spinal tuberculosis respond to medical treatment. 3 Antituberculosis treatment protocols used for treatment of spinal tuberculosis vary from 6 to 18 months. British Medical Research Council studies have indicated that thoracolumbar spinal tuberculosis needs be treated with a combination antituberculosis treatment regimen for 6-9 months. 4 An Indian study, with a follow-up period of 10 years, observed no significant differences in the clinical and radiological status between patients who received 6 months and those who received 9 months of antituberculosis treatment. 5 British Medical Research Council studies did not include patients with cervical spinal tuberculosis. Surgery is usually indicated if a patient has progressive neurological deficit, a large paraspinal abscess or severe deformity. 3 A Cochrane review assessing the role of routine surgery in addition to chemotherapy in spinal tuberculosis also concluded that evidence was insufficient for the routine use of surgery. 6 The Medical Research Council (MRC) study found no definite advantage of early surgery over medical management. However, they had excluded patients with cervical spine involvement. 7 In retrospective studies on cervical spine tuberculosis, medical management alone has been tried and found to be associated with a good outcome. Some reports have indicated that patients in whom magnetic resonance imaging (MRI) shows a relatively preserved cord with evidence of myelitis or edema and a predominantly fluid collection in the extradural space respond well to conservative treatment. Patients with extradural compression by granulation tissue with little fluid component compressing or constricting the cord circumferentially with cord edema/myelitis or myelomalacia need early surgical decompression. 8 Even in patients with cranio-vertebral junction tuberculosis, antituberculosis therapy is the mainstay of treatment along with neck stabilization regardless of the extent of bony destruction. 9 If atlantoaxial instability is present, surgery may be contemplated. [10] [11] [12] Regarding cervical spinal tuberculosis only limited data, either in the form of isolated cases or small case series, are available. 13 The aim of this prospective follow-up study was to assess the clinical and imaging predictors of outcome in conservatively managed patients of cervical spine tuberculosis.
MATERIALS AND METHODS
This study was conducted, between August 2011 and July 2013, in the Department of Neurology, King George Medical University, Lucknow, Uttar Pradesh, India. Tuberculosis is a highly endemic disease in this part of India. India accounts for 26% of total global tuberculosis cases. Approval of the institutional ethics committee was taken for the study. Prior written informed consent to participate in the study was taken from the patient or the guardian/ relatives.
Inclusion criteria
Consecutive patients with cervical spinal tuberculosis, presenting as quadriparesis, were enrolled in the study. The diagnosis of cervical spinal tuberculosis was based on characteristic clinical and neuroimaging features. Spinal tuberculosis was considered when a patient presented with the characteristic clinical features of neck pain, constitutional symptoms, localized tenderness and deformity and retropharyngeal abscess. The essential neuroimaging criteria were destruction of two or more contiguous cervical vertebrae and opposed end plates, disc infection, along with a paraspinal mass or abscess 14 (Figure 1 ).
Exclusion criteria
Patients were excluded from the study if there was involvement of other vertebral regions. In addition, patients demonstrating atypical imaging features like single vertebral involvement, isolated involvement of posterior spinal segment and non-contiguous vertebral involvement were also excluded.
Workup
After detailed neurological examination, patients were subjected to a battery of laboratory tests including complete blood counts, blood sugar, liver and renal function tests and the enzyme-linked immunosorbent test for HIV virus. Sputum, if any, was examined for acid-fast bacillus. Chest and cervical spine X-rays were performed. All patients were subjected to gadolinium-enhanced MRI of the cervical spine with a screening of the whole spine using a Signa Excite 1.5 Tesla instrument (General Electric Medical Systems, Milwaukee, WI, USA). An experienced neuroradiologist, blinded to the clinical details of the patients, reviewed the MRI results.
Treatment and follow-up
Conservative treatment in the form of antituberculosis therapy was given for 18 months. Four drugs (isoniazid, rifampicin, pyrazinamide and ethambutol) were given for 2 months (intensive phase) and two drugs (isoniazid and rifampicin) for the remaining 16 months. 15 Necks of the patients were immobilized with a rigid cervical collar. Analgesics were provided to control pain. Follow-up evaluation was carried out at 1, 6, 12 and 18 months.
Patients with worsening of the neurological deficit, a large retropharyngeal abscess causing dysphagia or respiratory distress or with atlantoaxial instability were considered for surgical intervention (in consultation with the neurosurgeon).
Functional status assessment
The modified Barthel index (maximum score 20) was used to assess the outcome. Patients having an MBI score of 13-20 were considered to have a good outcome and those with a score of 0-12 at 18 months were considered to have a poor outcome.
Definitions
A minor motor deficit was defined as muscle power 4grade 4 (by MRC grading system), whereas a major motor deficit was defined as muscle power pgrade 4 (by MRC grading system). Significant cord compression was defined as 450% canal encroachment.
Statistical analysis
The data were analyzed using SPSS software version 16.0 (SPSS Inc, Chicago, IL, USA). The results are presented in percentages. The change in the MBI score during follow-up was statistically evaluated with the help of McNemar's test. The Chi-square test was used to find out the association between two dichotomous variables. The relative risk with its 95% confidence interval was calculated. Multivariate logistic regression analysis was performed to find out significant factors associated with the outcome. Clinical variables included in the statistical analysis were age, gender, symptom duration, weakness, sensory involvement, bladder involvement, deformity, history/concomitant tuberculosis, spasticity, hyper-reflexia and flexor spasms. Imaging parameters included number of vertebrae involved, loss of vertebral height, disc space reduction, paravertebral collection, signal changes in cord, significant cord compression, complete vertebral collapse and spinal extension of abscess. A P-value o0.05 was regarded as significant.
RESULTS
In this study, 46 consecutive patients of cervical spinal tuberculosis were enrolled. Four patients were lost to follow-up. Thus, 42 patients were included. Four (9.5%) patients were subjected to surgery. Data from 38 patients, who were conservatively managed, were analyzed for the predictors of outcome (Figure 2 ).
Baseline characteristics
Mean age of the study group was 32.8 years with a range of 8-76 years. The majority of cases (63.2%) presented within 3 months of 
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A Bhandari et al symptom onset. Mean symptom duration prior to presentation was 3.8 months. All patients had neck pain of varying degrees. In this study, 47.4% of patients had major motor deficit. The 5th cervical vertebra was the most common vertebra involved. Loss of vertebral height and disc space reduction were noted in the majority (84.2%) of patients. Significant cord compression was observed in 52.6% of cases. Baseline characteristics have been provided in Table 1 .
Disability status and follow-up
Among four surgically managed patients, three patients had poor response to medical treatment and one patient had dysphagia due to a large retropharyngeal abscess (Table 2) . At presentation, among 38 conservatively managed patients, 29 had an MBI score of 0-12. At the 12-month follow-up, only 13 patients remained in the group with a disability score of 0-12 and the rest improved to a score of 13-20. After 18 months, the majority of patients (81.6%) had a good outcome.
Predictors of outcome
On univariate analysis, a duration of illness 43months, major motor deficit, bladder involvement, flexor spasms, significant cord compression and spinal extension of the abscess were significantly associated with a poor outcome. However, on multivariate analysis, significant cord compression (P ¼ 0.003) and spinal extension (P ¼ 0.02) had a significant correlation with a poor outcome ( Table 3) . We did not observe any significant effect of specific vertebral segment involvement (Table 4 ).
DISCUSSION
We observed that the majority of our patients with cervical spine tuberculosis responded well to medical treatment. Earlier reports have also indicated that, in cervical spinal tuberculosis, medical treatment is effective in restoring the functional status of the patients. 13 In cranio-vertebral junction tuberculosis, despite extensive erosion of the clivus, C1 and C2, and spinal cord compression, the patients can effectively be managed with antituberculosis therapy alone. 9, 16 We could deduce that significant cord compression and spinal extension of abscess were significantly associated with outcome in cervical spine tuberculosis. These observations indicated that extensive tuberculous involvement of the spinal cord was responsible for the poor outcome. Earlier, similar observations were made in patients with thoraco-lumbar spinal tuberculosis as well. In this study, significant spinal cord compression by granulation tissue resulted in severe disabilities and was associated with poorer outcome. 17 Cervical spinal cord lesions often cause severe neurologic deficit because the cervical spinal canal is small in relation to the diameter of the cervical spinal cord. The proposed mechanisms responsible for neurologic manifestations in cervical spine tuberculosis are as follows: local inflammatory changes, cord swelling, vasculitis and ischemia in spinal cord parenchyma, subluxation of the vertebrae, tuberculous abscess compressing over the spinal cord or nerve root, and disc herniation. MRI abnormalities like spinal cord edema or myelitis were associated with good outcome, possibly because these abnormalities were reversible. 18 The patients showing a relatively preserved cord with evidence of edema/myelitis with fluid collection predominantly in the extradural space on MRI recover on medical treatment, whereas patients with extradural compression of mixed or granulomatous nature showing encasement of the spinal cord may be considered for surgery. 17 Four of our patients were subjected to surgery. Three patients had not responded to medical treatment while one developed a swallowing problem. In patients with cervical spine tuberculosis, surgical treatment is usually contemplated if there is a progressive neurological deficit. 19 Experts recommend that patients with cranio-vertebral junction tuberculosis who fail to respond to 4-6 weeks of antituberculosis treatment and skull traction should be offered surgery. 20 Debridement and decompression of the spinal canal along with fixation of the affected spinal segments can effectively remove compressive granulation tissues, decompress the neuronal structures and restore the spinal structure and stability. 3 A randomized study is needed to establish the exact role of surgery in patients with cervical spine tuberculosis (Figure 3 ).
CONCLUSION
Medical management is effective in cervical spine tuberculosis. Patients with significant cord compression and spinal extension of the abscess show poorer outcome and might be candidates for early surgical intervention.
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